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Protein Expression During Murine Thymus Differentiation
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tBasel Institute for Immunology, P.O. Box, Grenzacherstrasse 487, CH-4005 Basel, Switzerland
Institute for Experimental Immunology, Philipps University, Marburg, Germany
Driven by our long-standing interest in identifying proteins of the immune system and in
characterizing processes involved in lymphocyte differentiation, we studied protein ex-
pression in biosynthetically labeled fetal and newborn thymus by 2D gel electrophoresis.
Autoradiographs of the gels were scanned with a densitometer and image analysis was
performed using the Kepler system. Calibrated polypeptide spot abundances (volumes)
were compared to assesses qualitative and quantitative changes of the spot volumes.Among
over 300 proteins evaluated atGD (gestation day) 13,15, and 17, there were sets of proteins
that increased and others that decreased in intensity. We could in addition recognize pro-
teins that were completely absent at GD 13 and/or 15 and that appeared thereafter to
gradually increase in intensity. Conversely, various polypeptide spots present at early stages
(at GD 13 and 15) disappear later (at GD 17 or at birth). Among the proteins that increase
in intensity prevail molecules with masses less than 35 kD, whereas a considerable portion
of those that decrease in intensity are characterized by masses above 60 kD. Spots reported
in this communication were not defined beyond tagging them with numbers, which is a
prerequisite to follow them up in the proteinpaedia developed in our laboratory. The next
step will be to retrieve the coding sequences from the existing partitioned cDNA library
(BW 5147) as well as from thymocyte subtraction libraries. We predict that among those
polypeptides with varying intensity, important regulatory proteins in thymus develop-
ment will be found.
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INTRODUCTION
The thymus is the central organ for the differentia-
tion and maturation of T lymphocytes. In murine
embryogenesis, the thymus anlage originates from
endodermal and ectodermal epithelial tissue, sepa-
rating from the third pharyngeal arch around day 9
of gestation (GD 9). New vascularization and inner-
vation takes place in the thymus anlage after its
descent into the mediastinum. At approximatelyGD
11, dendritic cells and lymphoid precursor cells be-
gin to immigrate and to colonize the thymus anlage.
Thymic epithelial cells followed by dendritic cells
are then among the first cells in the fetus to express
MHC antigens. The immigrating lymphoid precur-
sor cells as well as the sequence of their maturation
in the thymus--including early initial phenotypic
changes, rearrangement and expression of specific
*Corresponding author.
receptors, selection and differentiationnhave been
well described (Scollay, 1980; Boyd and Hugo, 1991;
Van Ewijk et al., 1994; Kisielow and von Boehmer,
1995). ByGD 18, the first mature T-cell receptor posi-
tive cells emigrate from the thymus (Scollay and
Godfrey, 1995; Tough and Sprent, 1995) and popu-
late the peripheral lymphoid organs. Although in-
tensive cellular and paracrine interactions guide the
differentiation and maturation of the thymocytes,
only few of the participating intracellular regulatory
elements are described (Ivanov et al., 1993; Sen et al.,
1994; Xie and Palacios, 1994). Therefore, a more com-
plete knowledge of the molecules involved will be
necessary to understand both the normal regulation
and defective mechanisms occurring in T-cell devel-
opment.
In the work described in this paper, we analyzed
preparations of total proteins from embryonic and
neonatal thymus tissue by 2D gel electrophoresis.
Typically, this technique allows the study of several
hundred polypeptides in a single experimental run
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collectively (Anderson and Anderson, 1978). Apart
from qualitative aspects of the information, the em-
phasis of our study was on the quantitative assess-
ment of the kinetic behavior of thymic proteins in
the mouse betweenGD 13 and birth. To achieve this,
we used computer-aided image analysis of the
autoradiographs as described elsewhere (Anderson
and Anderson, 1978; Lefkovits et al., 1988; Lefkovits
et al., 1995a).
RESULTS
The Development of the Thymus During
Embryogenesis
The purpose of this study was to determine changes
in the overall polypeptide composition of the fetal
thymus at times known for important developmen-
tal processes. The following developmental stages
can be described: AtGD 11 to 12, the thymus begins
Thy- 1 MHC class Tr
GDI&:
GD17 GD17
FIGURE 1. Cryosections of embryonic thymuses. The mass of the thymus increases from GD 13 through GD 15 and GD 17 ap-
proximately by 3-fold and 50-fold, respectively. Cryosections of whole mouse fetuses atGD 13, 15, and 17 (top, middle, and bottom
micrographs) were stained with either anti-Thy-1 (30H12, left side) or anti-MHC class II (P7/7, right side). Detection was carried
out using biotinylated goat-anti-rat Ig and streptavidin-peroxidase. The bars represent 0.2 mm.PROTEINS IN THYMIC DEVELOPMENT 55
to be histologically recognizable, and by GD 13, the
thymic tissue appears more clearly demarcated from
its surroundings. At GD 15, the earliest TCR re-
arrangements are detectable, and atGD 17, all stages
of T-cell maturation can be followed phenotypically.
Already at birth, substantial numbers of mature
thymocytes leave the thymus and populate the
periphery.
After thymus colonization with lymphoid (Jotereau
et al., 1987; Imhof et al., 1991; Palacios and Samaridis,
1991) and dendritic (Ardavin et al., 1993) precursor
cells, initial rounds of proliferation and differentia-
tion occur. In order to design a meaningful experi-
ment, we had to gain certainty that we can dissect
not only the fetal thymus gland, but that we are
working with tissue accessible to a satisfactory bio-
synthetic labeling. Although some data exist on the
number of thymocytes present in the thymus dur-
ing the progression of differentiation, we had to
verify experimentally that we are dealing with a
workable model. Cryosections of fetal thymuses of
different stages of development had been stained
with antibodies directed against Thy-1 and against
MHC class II antigens. By GD 13, some Thy-1- and
MHC class II-positive lymphoid cells are seen (Fig. 1,
top two micrographs), dendritic cells being still rare
at this time;MHC class II antigen can be detected in
the developing thymus earlier than anywhere else
in the fetus. At GD 15, a rather complete network
of dendritic cells fills the thymus; thereafter, the
number of cells positive for both markers increases
rapidly, and at GD 17, already 98% of the lymphoid
thymocytes are Thy-l-positive. Most of the thymocytes
now coexpress TCR, CD4, and CD8 molecules as
well. We attempted to calculate the number of
thymocytes in the thymus gland at the gestation days
under consideration. For GD 13mwhen integrating
the counts of the cryosectionsuthere are about 1000
thymocytes in the thymus gland, while the counts
for GD 15 and 17 are 10 and 107, respectively. The
bulk of the thymic volume for the three gestation
times is approximately 0.02 mm3, 0.06 mm3, and
1 mm3. Thus for all three gestation times, even when
the number of cells is on the order of 1000 per
thymus gland, there should result 2D gel patterns
of interpretable quality. The sample size is large
enough to ensure reproducible results. We have
performed several parallel cultures obtaining essen-
tially the same patterns.
acidic
130 kD
FIGURE 2. Autoradiograph of a 2D gel prepared from GD 17
thymus biosynthetically labeled in vitro. The solubilized sample
was separated according to charge (horizontal axis) and size (ver-
tical axis) in the ISODALT system (see Materials and Methods).
The gel was dried and exposed for 12 days to an XAR-5 film.
Polypeptide Pattern of the Fetal Thymus Lobes
In order to establish optimal labeling conditions, we
compared autoradiographs of2D gels prepared from
in vivo and in vitro labeled GD 17 thymus, as de-
scribed in Materials and Methods. From this set of
experiments (data not shown), we have concluded
that both approaches (in vivo and in vitro labeling)
lead to similar protein patterns. Thus, for reasons of
ease of manipulation and efficiency of labeling, we
have opted for all further experiments to use in vitro
labeling. In Fig. 2, we show the photograph of a 2D
gel from a thymus at GD 17. On this gel, approxi-
mately 700 spots are discernible covering a broad
range of molecular masses (10 to 130 kD) and a wide
range of charges (pI 3 to 8). After spot modeling and
matching, the image of the GD 17 autoradiograph
contains 550 evaluable spots.56 J.R. FREY, K.U. HARTMANN, and I. LEFKOVITS
2D Gel Electrophoresis Patterns of Thymus
Lobes from GD 13 to Birth
It is quite obvious that the previously mentioned dif-
ferentiation events underlie changes at the mole-
cular level. We argued that the results of these
changes--visualized by 2D gels--will reveal pro-
teins, the expression of which is turned on or off as
thymus differentiation proceeds from one gestation
stage to another.
The 2D gels, obtained from the labeled samples
as explained in Materials and Methods, were ex-
posed to X-ray film and the films were scanned and
subjected to image analysis. The analyzed image is
referred to as a spot "file", which is a list of data on
the spots, while its graphical representation is called
a spot "pattern," which is an idealized model of the
original gel image. The spot pattern is first edited in
order to remove artifacts (e.g., smears, streaks, or
false spots), and then the images are "matched." The
process of matching involves, first, the choice of a
so-called master pattern, which in most instances is
derived from one of the experimental patterns, and,
second, the assignment of a numbering system to
the master pattern such that each spot of the master
is identified by a master spot number. Thenby a com-
bination of interactive and automatic matching, con-
gruent spots in all analyzed patterns receive the same
spot numbers.
In this project with an emphasis on quantitative
information, the spots of each gel were calibrated,
keeping the sum of total intensity of all spots con-
stant. The calibration step led to changes of spot
abundance (spot volume) amounting to less than
+3%. Such matched and calibrated spot files are fully
comparable and spot intensities can be evaluated.
We have attempted to visualize spots that are pro-
foundly altered during the process of differentiation
observed at GD 13, 15, and 17. This can be seen in
Figs 3 and 4, in which several features of the experi-
ment are apparent. In panel A, there are the full gel
images represented (GD 17 in Fig. 3 and GD 13 in
Fig. 4); the frames within the upper images are con-
gruent with similar views taken fromGD 13,15, and
17 (panel B). The filled ellipses with numbers in-
dicate nine spots that fulfill the criteria of either
increase (Fig. 3B) or decrease (Fig. 4B) in intensities
throughout the measurements. In panel C, for the
indicated spots, there are histograms shown in which
the relative spot intensity alterations are depicted.
From the total of 312 spots, occurring at GD 13, 15,
and 17, there were 83 spots increasing and 95 de-
creasing in intensity throughout the observation
period.
The previously described analysis of the three ex-
perimental time points. (GD 13 to 17) was extended
to include the remaining gestation period up to birth,
during which quite a profound emigration of ma-
ture thymocytes occurs (Scollay, 1980) Such a com-
pleted picture is represented in Figs 5 and 6 for
increasing and decreasing spots, respectively. There
are 29 spots (of 272) that increase up to birth and 30
spots (of 272) belonging to the category of decreas-
ing spots. As expected, there are many spots that do
not change in intensity (18 spots) during the longer
observation period (from GD 13 to birth), as indi-
cated in the histograms of Fig. 7.
The results described so far were compiled in such
a way that only spots present at all three or four time
points of the two observation periods were consid-
ered. This is obviously only the first approximation
of the events, because we can assume that proteins
that are not yet produced atGD 13, will appear later
and then increase in abundance, or alternatively
there exist proteins that are produced on day 13, de-
crease thereafter, and disappear completely. Such
spots might in fact be of great importance, because
they represent polypeptides that are required or per-
mitted only at certain stages of differentiation. In
Fig. 8A six spots are depicted that are absent at GD
13 and 15 and appear thereafter. The counterpart of
this event is a set of thirteen spots that is present at
GD 13 and 15 and is absent by GD 17 (Fig. 8B). In
Fig. 8C, eight spots are represented that appear only
atGD 15 and increase thereafter. The converse set of
spots that is decreasing from GD 13 to 17 and lack-
ing at birth was already considered as a subset of
those data forming the image in Fig. 4A.
In Table 1, quantitative information on the spots
from all four patterns is presented. The number of
detected spots varies throughout the whole obser-
vation period (range 429 to 550), and because some
spots appear and others disappear, the total number
of spots in the master pattern is considerably higher
(764) than in any of the experimental patterns.
The sets of spots common to all patterns within
an observation period, on one hand, 312 spots within
the three fetal patterns and, on the other hand, 272PROTEINS IN THYMIC DEVELOPMENT 57
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FIGURE 3. Polypeptides in thymuses that increase in abundance during gestation. In part A, the computer-modeled 2D gel pat-
tern from a thymic sample at GD 17 is shown. The frame indicates a gel region that is displayed at higher magnification in part B.
Here portions of patterns GD 13, 15, and 17 are displayed. Nine spots increasing in abundance are highlighted (filled ellipses) and
the corresponding spot numbers indicated. In part C, histograms for these nine spots are shown. Each histogram consists of three
bars (for patterns GD 13, 15, and 17). The height of the bar reflects the relative spot intensity (called spot volume). Spot 347, for
example, increases only marginally between GD 13 and GD 15 but increases strongly in intensity between GD 15 and GD 17. Note
that there are many more spots belonging to the "increasing" category, but they are outside of the magnified panels and hence not
displayed.58 J.R. FREY, K.U. HARTMANN, and I. LEFKOVITS
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FIGURE 4. Polypeptides in thymuses that decrease in abundance during gestation. Figure presentation is identical to that one
shown in Fig. 3, though the pattern in part A reflects GD 13 and the position of the frame is slightly shifted within the gel. Nine
spots are marked that decrease in intensity. For example, spot 98 is very intense at GD 13 and decreases rapidly by GD 15.PROTEINS IN THYMIC DEVELOPMENT 59
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FIGURE 5. Polypeptides in thymuses that increase in abundance during gestation and up to birth. From the total number of 429
spots present in the overall pattern (newborn, shown at the lower right corner), there are 29 spots that increase from GD 13 up to
birth. The histogram consists of four bars--GD 13, 15, 17, and newborn. The numbers are presented in a font size that is not well
readable in this display.
spots within all four patterns, from GD 13 through
newborn, were used to recognize those spots with
changing or stable abundance. As this presentation
emphasizes dynamic changes in spot intensities (vol-
umes), it is of importance to realize that the mean
intensity of the spots is quite stable throughout the
whole observation period.
Furthermore, the most common 50% of spots have
volumes of about 2000 to 9000 units. The spots be-
longing to the category of the 10% smallest spots
have volumes below 1400 units and the 10% of the
largest spots have volumes above 12,700 units (for
GD 13 and higher values for later stages). The sum
of all spot volumes is fluctuating within a narrow
range (+10%) and the number itself was needed for
the determination of calibration factors.
DISCUSSION
The 2D gel analysis of the samples from thymuses
at various gestation days yielded a large amount of60 J.R. FREY, K.U. HARTMANN, and I. LEFKOVITS
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FIGURE 6. Polypeptides in thymuses that decrease in abundance during gestation and up to birth. As in Fig. 5, the whole pattern
(GD 13; 505 spots in total) is shown at the lower right corner. The histograms represent 30 marked spots.
data, which can be used in at least two different
manners: one can learn about the dynamic changes
in the protein expression during differentiation, and
one can pinpoint to polypeptide spots for which fur-
ther scrutiny (including gene retrieval) would be ap-
propriate. Before attempting to interpret the re-
sults, one should ask, how meaningful the changes
in the observed patterns are. We analyzed changes
in thymus lobes rather than in isolated thymocytes;
thus, the changes that occur in the thymic stroma
will be superimposed on the changes in the
thymocytes. Nevertheless, given the relative abun-
dance of thymocytes, we assume that most of the
changes in the protein patterns are thymocyte-re-
lated. Changes in protein expression originating
from the thymic stroma might be interesting, as
profoundly as those in thymocytes, and it will be
meaningful to distinguish them from each other.
Labeling of thymocytes is not sufficiently efficient
in fullmedium and therefore 35S-methionine is added
to cultures depleted of cold methionine. Under the
latter condition, thymocytes might be driven to thePROTEINS IN THYMIC DEVELOPMENT 61
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FIGURE 7. Polypeptides in thymuses that are constant in abundance during gestation and up to birth. The histograms stand for
18 spots that are constant in abundance throughout the gestation and up to birth. Each histogram, similarly to Figs 5 and 6, consist
of four bars--GD 13, 15, 17, and newborn.
expression of some proteins that would not be syn-
thesized under physiological conditions.
About 27% of all spots increase and 30% decrease
in intensity, if one considers the three gestation days
(GD 13, 15, and 17). These percentages refer to spots
that are present at all three time points. Further, there
are about 6% of spots that are constant throughout
the observation period of the three gestation days.
The remaining 37% of spots did not meet the crite-
ria for any of the three aforementioned kinetics due
to aberrant spot intensity atGD 15. Although we are
interested in defining the changes throughout the
fetal development up to birth, we were cautious to
keep the comparison with the data on the newborns
separate, because quantitative comparisons are less
certain to be correct at the time when efflux of
thymocytes is accelerated.
As can be seen in Table 1, the number of spots
common to all four patterns (272) is smaller than the
corresponding one for the three fetal time points
(312). Accordingly, the sets of spots that increase and
decrease (11% for both sets) are smaller. Ifwe include
here those spots that are missing at GD 13 and ap-
pear thereafter and then increase in intensity, or al-
ternatively spots that decrease fromGD 13 toGD 15
and disappear thereafter, the previously mentioned
percentages would be higher (16% for both, increas-
ing and decreasing proteins). In the calculations are
only those spots considered that are present on at
least two consecutive days of measurement. A con-
siderable portion of spots does not fulfill this crite-
rion; spots present on one gestation day only might
be of great importance (and information on them is
stored in our database), but we disregard them at
present, because there is a chance that some of these
spots might be artifactual (improper spot modeling
by Kepler software) or nonreproducible. For the same
reasons, it is not justifiable to interpret those spots
that are present on GD 13, absent on GD 15, and
present again on GD 17. In future analyses, it might
turn out that some of these spots belong to the cat-
egory of "increasing" or "decreasing" spots; thus,
the percentages that we give here are minimal esti-
mates. We anticipate that once having switched
(from the carrier ampholytes) to the immobilizedpH
gradients (Righetti et al., 1988), we will be able to
match an even greater number of spots on a single
gel. As our estimates are conservative, we believe
that the subsets of spots that fulfill the criterion of
increasing or decreasing, 16% in both cases, through-
out the entire observation period is highly meaning-
ful. Based on the sets of spots with varying intensity
detected in our study, we predict that a large num-
ber of additional regulatory molecules important
in thymic development will be found. We believe
that the finding of sets of proteins that are up- or62 J.R. FREY, K.U. HARTMANN, and I. LEFKOVITS
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FIGURE 8. Polypeptides in thymuses that are missing at early observation times and appear on GD 15 (part C) or later (part A),
and polypeptides that disappear after GD 15 (part B). Figure presentation and histogram layout are identical to that of Fig. 7.PROTEINS IN THYMIC DEVELOPMENT 63
down-regulated during thymus differentiation is of
great interest. We will be able to recognize whether
similar sets of proteins are altered pertaining to other
differentiation processes. Such correlations could
unravel new regulatory mechanisms of the immune
system. These studies will involve the use of a data-
base under development in our laboratory that will
contain the electrophoretic 2D gel patterns of
lymphocyte proteins, the so-called proteinpaedia
(Lefkovits et al., 1990; Kettman et al., 1994).
We will also proceed with the next stage of the
project, namely, to attempt to retrieve and to charac-
terize the coding sequences of the spots identified
throughout this work. First, we will make use of our
existingcDNA library that was established fromBW
5147 cells and we will retrieve at least some of the
cDNA clones, those that are shared between
thymocytes and the BW 5147 source. Second, we
will prepare subtraction libraries of GD 13 and 17
thymocytes, distribute the clones within an ordered
library (Lefkovits et al., 1995a) and identify the
clones by procedures as described earlier (B6har
et al., 1995; Lefkovits et al., 1995b). Based on the sets
of spots with varying intensity detected in our study,
we predict that a large number of additional regula-
tory molecules important in thymic development
will be found.
MATERIALS AND METHODS
Mice
BALB/c mice received from the Institut f/Jr
medizinische Forschung (F/illinsdorf, Switzerland)
were used in all experiments described. Thymuses
were dissected from newborn animals and from fe-
tuses atGD 13, 15, and 17; day 0 was considered the
day of appearance of a vaginal plug. The tissue was
used for cryosections and to perform biosynthetic
labeling.
Immunohistochemistry
Cryosections were prepared from whole fetuses at
GD 13, 15, and 17 and were stained with either anti-
Thy-1 (30H12) or anti-MHC class II (P7/7) antibody.
The detection was performed by biotinylated goat-
anti-rat Ig and streptavidin-peroxidase according to
techniques described (Hartmann et al., 1989).
Sample Preparation and Biosynthetic Labeling
Biosynthetic labeling of thymus lobes in vitro was
carried out as follows: the whole thymus from 13-
day-old fetuses and one lobe from 15- and 17-day-
old fetuses were incubated in 200 1 cultures for
15 hr. The medium was RPMI 1640, including 2% of
dialyzed FCS, glutamine, 2-ME, antibiotics, and 35S-
methionine obtained fromAmersham (Cat. N. SJ204;
1000 Ci/mmol) at 15 tCi/ml. For in vivo labeling,
day-17 pregnant mice were injected i.v. with 1 mCi
of 35S-methionine and fetuses were excised 5 hr later
(Pluschke and Lefkovits, 1990).
Sample Solubilization
After labeling, the thymic tissue was packed by cen-
trifugal force into Sarstedt tubes (#72.702, Sarstedt,
TABLE
Spot Parameters
Pattern
GDS 13 GD 15 GD 17 Birth Master
Number of spots 505 450 550 429
Shared spots, fetal period 312 312 312
Shared spots, extended period 272 272 272 272
Spots volume
Sum of volumes 3,337,516 3,085,014 3,561,898 3,323,357
Mean spot volume 6,609 6,856 6,476 7,747
Median spot volume 4,520 3,680 3,900 4,650
Interquartile range
Lower value 2,050 1,850 1,870 2,490
Higher value 8,070 7,400 7,770 8,680
Volume at 10th percentile 993 956 921 1,360
Volume a 90th percentile 12,700 14,200 14,900 15,900
764
Thymus tissue collected at indicated gestation day.
Master spot pattern (compare Materials and Methods).
Total number of analyzed spots per pattern.
Spots to the three fetal patterns (GD 13, 15, and 17, i.e., short observation period).
Spots to all four patterns (GD 13, 15, 17, and newborn, i.e., extended observation period).
Spot volume (modeled based the three parameters--dx, dy, amp--that the of the ellipse and the amplitude--and given in arbitrary units).64 J.R. FREY, K.U. HARTMANN, and I. LEFKOVITS
Rommelsdorf, Germany) and 60 tl of solubilizing
buffer were added with a Hamilton syringe. This
buffer consists of 2% Nonidet P-40 (Sigma N-3516),
1% 2ME, and 2% ampholines pH 9-11 (LKB 9-11
1809-146, LKB, Bromma, Sweden) in 9M urea
(Merck), adjusted to pH 9.5 and stored at-70C.
Preparation of 2D Gels
The labeled and lysed samples were subjected to
isoelectric focusing (IEF) (pH 3-9) followed by 2D-
polyacrylamide gel electrophoresis (PAGE) (25 tl of
sample were loaded) according to the method origi-
nally developed by O’Farrell (O’Farrell, 1975). We
used a modification that accommodates 20 samples
simultaneously in both IEF and SDS-PAGE in a de-
vice designed by Leigh and Norman Anderson, the
ISODALT system (Anderson and Anderson, 1978;
Lefkovits et al., 1985). The gels were exposed for 12
days to XAR-5 film.
Scanning and Image Analysis of
Autoradiographs
The autoradiographs were scanned with a laser
densitometer (constructed at the Federal Technology
Institute, Zfirich) using 100 tm scanning steps, re-
cording at an OD range 0-1.8. Image analysis was
then performed with the Kepler software system
(Large Scale Biology Corporation, Rockville, MD)
installed on a VAXstation 3100.
Gel files are converted into image files and those
are processed for noise and streak removal and back-
ground correction. The processed image files are
converted into spot files by spot modeling and fit-
ting, files in which each spot is defined by five pa-
rameters: the x and y coordinates and the spot
volume parameters sx, sy, and amplitude. At this
point in the procedure, one spot list pattern is cho-
sen to which all other spot list patterns are compared.
Such a list, to which the program assigns a number-
ing system, is called a master pattern. All spot list
patterns are then matched to the master pattern and
individual spots receive master spot numbers, con-
gruent to the master spots. Spots on individual
patterns that do not occur on the master pattern are
transferred into it with a utility provided by the pro-
gram. At the end of the matching process, the mas-
ter pattern contains all the spots occurring in each
of the patterns. All this information on each and all
spots is kept in the Kepler database. It keeps track of
all images, spot lists, and spot identities and main-
tains congruence in the whole system.
Data Analysis
Since each spot on a autoradiograph results upon
image analysis in a "modeled" volume, we could
use the spot volume as a representation of the abun-
dance of the detected polypeptides. The spot vol-
ume data were further analyzed using a spreadsheet
program. First, a calibration step had to be carried
out keeping the sum of total intensity of all spots in
each gel constant, enabling the detection of changes
in spot intensities (spot volume data) at the differ-
ent observation times (GD 13, 15, 17, and birth). A
matrix was assembled that contained the spot
volume data for all the four time points of the ex-
periment. Two sets of spots were extracted, one to
contain the spot volume data of those spots that all
occurred on the patterns of the four time points (GD
13, 15, 17, and birth) and another one of those that
all occurred on the patterns of just the three fetal time
points. These two data sets served to assemble those
spots that either increased, decreased, or remained
unchanged during the shorter and the extended
observation periods. Spots were considered increas-
ing when their intensity was at least 1.125-fold
greater atGD 17 or at least 1.25-fold greater at birth
compared to their intensity at GD 13. Spots were
considered decreasing when their intensity was at
least 0.9 fold lower at GD 17 or at least 0.8 fold
lower at birth compared to their intensity at GD 13.
Spots with volume changes between 0.9- and 1.125-
fold between GD 13 and GD 17 or between 0.8- and
1.25-fold between GD 13 and birth were defined as
constant. Spots with fluctuating intensities were
disregarded, when at the intermittent time point(s)
their volumes fell outside a defined range (0.8- and
1.2-fold).
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